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Editorial Focus

Persistent photoperiodic effects on immunological
responsiveness: shedding light on immunity
Gregory E. Demas
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Study of Animal Behavior, Indiana University, Bloomington, Indiana 47405
A COMPETENT IMMUNE SYSTEM is crucial for maintaining a sufficiently high level of disease resistance. Immunity, however, is
a double-edged sword. Impaired immunity increases susceptibility to pathogens and can increase the likelihood of sickness
or death. Excessively heightened immune responses, in which
our immune system fails to distinguish “self” from “non-self”
or responds in excess to a benign substance, may be equally
debilitating and can lead to a host of allergies and autoimmune
diseases. Thus it is important to maintain an “optimal level” of
immune responsiveness to maximize disease resistance. Immunity, however, is not a static process; marked seasonal fluctuations in immune function and subsequent disease resistance
exist in a wide range of species, including humans (5, 7, 8, 12).
Although much progress has been made over the last decade in
our understanding of how the immune system works, considerable gaps in our knowledge persist, especially in terms of
naturally occurring, environmentally influenced fluctuations in
immune function and disease resistance. A wide variety of
infectious diseases (e.g., AIDS, malaria, influenza) display
pronounced seasonal fluctuations (8). Although some of this
variation is undoubtedly due to seasonal fluctuations in pathogen prevalence, seasonal changes in host immunity likely
contribute to seasonal changes in disease as well. The majority
of studies investigating seasonal changes in disease, however,
has focused on monitoring pathogen prevalence; we are only
just beginning to understand the physiological mechanisms
underlying seasonal changes in host immune function.
Over the last decade, studies in a variety of mammalian and
nonmammalian species have demonstrated that seasonal
changes in both humoral and cell-mediated immune function
are under environmental control and are mediated predominantly by changes in the ambient photoperiod (day length)
(1–4, 6, 11). Although the effects of changes in day length on
immune function are now reasonably well documented (7, 8),
an important question remains: are photoperiodic changes in
immunity transient responses to the prevailing day length or do
they represent long-lasting changes in the immune system that
could have important ramifications for subsequent immune
surveillance? The study presented by Prendergast et al. (9) in
this issue of American Journal of Physiology-Regulatory, Integrative and Comparative Physiology provides an important
initial step in addressing this very question. These researchers
and others have previously documented photoperiodic changes
in immunity in seasonally breeding Siberian hamsters. Specifically, hamsters housed in short “winterlike” day lengths display reduced humoral immunity but increased delayed-type
hypersensitivity (DTH) compared with animals housed in long,
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“summerlike” photoperiods (3, 10, 11). The experiments reported here by Prendergast et al. tested the effects of prior
photoperiodic exposure on subsequent immune responsiveness. Specifically, the authors examined whether day length
exerts its effects on secondary antibody and delayed-type
hypersensitivity (DTH) responses by affecting immunity only
during primary exposure or whether initial exposure to long or
short days would have persistent effects on immunity when
animals were reexposed to the same antigens under differing
photoperiodic regimes.
As expected, exposure to short day lengths decreased both
primary and secondary antibody responses to the antigen keyhole
limpet hemocyananin (KLH) and increased DTH responses to the
chemical antigen DNFB. DTH reactions, however, were not only
affected by the ambient photoperiod, but also by the previous
photoperiod in which the animals had been initially inoculated ⱖ8
wk before their subsequent testing. In other words, short-day
enhancement of DTH responses persisted even when animals
were subsequently transferred to long days and retested with the
same antigen. Thus exposure to short days not only affects the
initial immune response per se, but also influences the establishment of an immunological memory of the response as well.
Collectively, these data suggest that exposure to pathogens during
short day lengths can have enduring consequences for subsequent
immune responses to similar pathogens. Because most species,
including humans, are likely to encounter a particular pathogen
repeatedly over the course of their lifetimes, these long-lasting
immunological effects have the potential to alter an animal’s
subsequent ability to resist seasonally recurring diseases to which
it may be reexposed. As the authors suggest, these data are
consistent with the notion that exposure to specific day lengths can
regulate the formation, retention, and subsequent retrieval of
antigen-specific immunological memory. More broadly, these
results demonstrate that environmental factors such as day length,
in addition to their immediate influences on physiological responses, can exert profound, long-lasting effects on the immune
system, presumably through their actions on immunological
memory. These environmental influences would likely have significant repercussions on subsequent immune surveillance and
disease resistance and thus affect host survival.
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